For decades the Moon was considered an anhydrous planetary body, significantly depleted in volatiles, including water, compared to the Earth [1] . It wasn't until recently that water (H 2 O equivalent) and other volatiles were confidently measured in a variety of lunar samples (e.g., [2] [3] [4] [5] The focus of our work has been on lunar apatite, since it is the most common hydrous mineral in a variety of lunar rock types, permitting investigations of the evolution of lunar volatiles over geological time (from ~ 4.5 to 3 billion years ago). In order to fully understand the history of volatiles in the Moon, it is necessary to have the capability to make high precision, in situ measurements of chlorine isotopes in apatite crystals that range in size between ~ 5 and 300 µm in length. It is also important to be able to determine the abundance of the other volatiles (F and H, as OH) occupying the same X site in the apatite crystal structure, so that apatite volatile chemistry and crystal stoichiometry can be assessed. Achieving both of these goals simultaneously is a challenging task given the range in masses of interest.
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A large suite of lunar samples, provided as polished thin sections by the NASA's Curation and Analysis Planning Team for Extraterrestrial Materials (CAPTEM) and the Meteorite Working Group, were investigated in this study. Samples were characterized by both optical and scanning electron microscopy. Phosphates were identified as P-rich areas in X-ray maps and apatite was positively identified using low current (0.6 nA) energy dispersive spectroscopy. Each apatite crystal was imaged at high resolution using both back scattered electron and secondary electron techniques, the former to characterize the surrounding mineralogy and petrographic setting of apatite and the latter to ensure the sample surface was suitable for subsequent analysis by ion probe (Fig. 1) . The Cameca Nano Secondary Ion Mass Spectrometer (NanoSIMS 50L) instrument at The Open University was used to analyze the samples. NanoSIMS boasts exceptional spatial resolution that allows an assessment of the presence of any volatile heterogeneities through multiple spot analyses on individual apatite crystals. (Fig. 2) using relatively low probe currents of generally 25 to 60 pA [11] . Typically areas of between 3 × 3 and 5 × 5 µm were analyzed, depending on the crystal size and the requirement to avoid cracks or inclusions. The reproducibility of 37 Cl/ 35 Cl ratio of the apatite standards is typically better than ~1.5 ‰ [11] .
Our latest work includes analyses of lunar apatite from Apollo mare basalt and highlands (norite and troctolite) samples and lunar basaltic meteorites. We have found that in general apatite from highlands rocks and incompatible element-rich basalts have elevated δ 37 Cl values of between ~ +15 and +36 ‰ and Cl contents in the range of 0.3 to 1.4 wt. % [11] . In contrast, apatite from incompatible element-poor basalts have Cl isotopic compositions in the range of +2 to +16 ‰ with Cl contents from ~0.03 to ~0.9 wt. %. Based on recent studies investigating the abundance and isotopic composition of water in the Moon it is likely that water inside the Moon shares an affinity with water found in the Earth's mantle [12] [13] [14] , carbonaceous chondrites [12] [13] [14] and the HED parent body 4Vesta [15] . Whilst the Moon and Earth seem to share a common history with regards to the accretion of water, when compared to the Earth, Mars and asteroids, the Moon shows highly fractionated chlorine isotope compositions [8] [9] 11 ]. Because we have measured a geochemically varied suite of samples we are able to show that the Cl-isotopic composition recorded by apatite is related to the bulk rare earth element ratios of the rocks [11] . Our working hypothesis to reconcile these Cl isotope data involves processes occurring during the primary differentiation of the Moon and earliest degassing/volatile loss history of the Moon, not experienced by Earth [11] . [16] 
